ABSTRACT.-We quantified diets of Kemp's Ridley Sea Turtles (Lepidochelys kempii) in Charlotte Harbor National Estuary, Florida, to identify possible ontogenetic variation in prey consumption, to examine the use of local prey, and to contrast the diets of conspecifics at other foraging areas. Dietary analysis was conducted by identifying prey remains recovered in 58 fecal samples from 53 turtles (24.2-63.7 cm midline straight carapace length). Turtles consumed seven prey categories: crustaceans, chelicerates, fish, sessile invertebrates, molluscs, plants/algae, and unidentified items. Spider crabs (Libinia sp.) are the dominant prey consumed in the mangrove estuary, occurring in 94.8% of fecal samples, accounting for 71.4% of dry mass, and as 76.3% in the Index of Relative Importance. We found no significant ontogenetic differences in prey composition between small (<40 cm) and large ( ‡40 cm) turtles, although crustaceans were more prevalent in diets of the larger turtles. The prey consumed in Charlotte Harbor differed significantly from a similar study of a nearby mangrove estuary in the Ten Thousand Islands. Sandy-Skinned Tunicates (Molgula occidentalis) were the predominant food item in the latter locale, and there were no significant ontogenetic differences in prey composition. A comparison of prey availability and use suggests that Kemp's Ridley Sea Turtles ingested the most abundant prey in the Charlotte Harbor estuary. Geographic differences in diet may reflect localized differences in use of foraging habitat and available prey, but more studies are needed on the availability, use, and selection of both habitat and prey.
Ontogenetic shifts in resource use are common in reptiles with patterns of diet change predicted to occur with increasing body size (Werner and Gilliam, 1984) . Marine turtles increase in size by several orders of magnitude during their life time and most species have complex life cycles involving developmental shifts in habitat and diet (Bjorndal, 1996; Snover, 2008) . For Kemp's Ridley Sea Turtles (Lepidochelys kempii), epipelagic juveniles (<20 cm straight carapace length [SCL] ) primarily feed omnivorously on the invertebrates associated with the Sargassum surface drift community (Shaver, 1991; Witherington et al., 2012) . Post-pelagic turtles (20-25 cm; Ogren, 1989) begin feeding mainly on demersal crabs after recruiting to coastal habitats and cancrivory continues through adulthood ( ‡60 cm). Gonadal development is estimated to begin at~40 cm SCL, leading some researchers to suggest the Kemp's Ridley Sea Turtle life cycle includes a prematurational juvenile stage (20-39 cm) and a maturational subadult stage (40-59 cm; Coyne, 2000) . Size-specific shifts in habitat use and associated prey for immature coastal-benthic turtles may coincide with the proposed physiological changes (Schmid et al., 2003; Barichivich, 2005, 2006) . Body size-based differences in feeding habits have been demonstrated among immature Green Sea Turtles (Chelonia mydas) inhabiting U.S. coastal waters (Redfoot and Ehrhart, 2013; Howell et al., 2016) .
Potential influences on marine turtle diet include resource availability, growth and energetic requirements, and resource use abilities or limitations (Werner and Gilliam, 1984; Snover, 2008 ). Kemp's Ridley Sea Turtles are opportunistic consumers of a variety of crab species (Shaver, 1991) , feeding on the most abundant species (Werner, 1994) or exhibiting selectivity for less abundant species (Morreale and Standora, 1998) . For selective feeding, size-specific prey use may occur in which smaller turtles consume easily captured walking crabs (e.g., spider crabs, Libinia sp.) and then transition to the consumption of more elusive swimming crabs (e.g., Blue Crabs, Callinectes sapidus) as they grow and forage more extensively in coastalbenthic habitats Standora, 1998, 2005) . Additional diet selection studies are needed to relate availability of potential food items to those that are ingested by turtles at different foraging areas.
Most information on regional variation in Kemp's Ridley Sea Turtle diet are derived from turtles collected along temperate saltmarsh coastlines, but inferences derived from these studies may not apply to foraging areas in the southern portion of the species' range. Turtles inhabiting a subtropical estuary in the Ten Thousand Islands, Florida, fed primarily on the benthic tunicate Molgula occidentalis despite indications of crabs available as prey (Witzell and Schmid, 2005) . A Kemp's Ridley Sea Turtle in Charlotte Harbor was observed feeding on a horseshoe crab (Limulus polyphemus; Barleycorn and Tucker, 2005 ), a relatively rare food item in other studies, but there is no other information on turtle diet or availability of prey within this subtropical estuary. Charlotte Harbor is a large open-water estuary with a mangrove fringe coastline, three major rivers contributing freshwater from the urbanized mainland and a series of barrier islands separating the marine waters of the Gulf of Mexico. Approximately 90 km to the south, the Ten Thousand Islands estuary is comprised of numerous small mangrove islands and backwater embayments with many small tributaries and undeveloped mangrove forest extending inland. Pine Island Sound has the highest seagrass coverage in the Charlotte Harbor complex (Corbett, 2006) , whereas seagrass is discontinuous and patchy in the Ten Thousand Islands (Iverson and Bittaker, 1986) . The proximity of these subtropical foraging areas allows for investigation as to whether prey compositions may differ given the characteristics of each estuary. Improved biological understanding of Kemp's Ridley Sea Turtle foraging ecology coupled with protection of habitats rich in prey species is essential to the management of conservation areas in each estuarine complex.
This study addresses questions regarding ontogenetic and regional differences in the dietary composition of Kemp's Ridley Sea Turtles in mangrove estuaries of southwest Florida. We chose to examine whether patterns of prey consumption for turtles in Charlotte Harbor differ from that of an earlier study in the Ten Thousand Islands, whether there was ontogenetic variation in prey composition in these subtropical estuaries, how prey use may differ from the availability of common prey found at the Charlotte Harbor study site, and how the diet of conspecifics may vary from different regions of the geographic range.
MATERIALS AND METHODS
Turtle Capture.-We focused turtle collections in the Pine Island Sound portion of Charlotte Harbor estuary and based operations from the Mote Marine Laboratory (MML) field station on Demere Key (Fig. 1) . Five-day surveys were conducted monthly between March and May and August and November from 2009 to 2013. We used a 7-m tunnel hull boat to deploy a 200-m strike net with 35.5 cm stretch-mesh nylon webbing, 4 m deep, braided polyfoam float line, and braided leadcore line per protocols established by previous studies (Witzell and Schmid, 2004) . The net was deployed only when a turtle was visible at the surface and retrieved within 20 min of the sighting. Minimum straightline carapace length (MSCL, midline of nuchal scute to the posterior notch of supracaudals) of captured turtles was measured to the nearest 0.1 cm with Vernier calipers. We recorded the physical condition of the turtle as to injuries (carapace and flipper wounds, etc.) or other abnormalities and examined each turtle for tag scars and previously applied external and internal tags. Inconel flipper tags (National Band and Tag Co., Newport, KY) were applied to the trailing edge of the front flippers and a GPT 12 passive integrated transponder (PIT) tag (Biomark Inc., Boise, ID) inserted into the left front flipper of previously untagged turtles.
Diet Samples.-Upon capture, we transported turtles to the field station and transferred individuals into shaded holding tanks at dockside with ambient temperature seawater (FFWCC, 2007) . The water in holding tanks was changed twice daily with seawater pumped from Pine Island Sound. Turtles usually passed a fecal bolus within 24-48 h of capture and all excreta were collected into individually marked plastic bags, which were frozen for later analysis. Each turtle was returned to its original capture site following the collection of fecal samples.
We thawed and washed the fecal samples through U.S. standard #4 (4.75 mm) and #200 (0.075 mm) sieves. The items retained by a #4 sieve were identified to the lowest possible taxon, and items retained by the #200 sieve were unidentified given the small size of components. Sorted prey items were placed in aluminum weighing dishes and dried in an oven at 808C for 24 h. Dry mass (to the nearest 0.01 g) of each prey item in each sample was measured on an electronic balance.
Local Prey Availability.-Concurrent with turtle sampling, we conducted a sample of decapod prey species during trips from August 2011 to April 2013. We deployed three baited wire mesh crab traps in areas of turtle capture and checked traps at least once each day. Trapped items were identified to the lowest taxonomic level, enumerated, and released near the collection site. Our passive sampling method allowed for an inventory of the local decapod fauna despite potential bias for catchability with baited traps and prioritization of effort to turtle capture. The trap survey provided an index of decapod availability relative to those occurring in turtle fecal samples and added a temporal context for putative prey in the study area.
Data Analyses.-We determined percent frequency of occurrence (% FO) and percent dry mass (% DM) of prey items in each fecal sample by:
% FO ¼ number of samples containing prey item total number of samples ·100 % DM ¼ dry mass of prey item total mass of all prey items ·100 Prey items were not enumerated owing to mastication of the food and resultant difficulties with identifying prey fragments as discrete units (Hyslop, 1980) . Analyzing diet based on feces may omit or underestimate more digestible components (Burke et al., 1993; Bjorndal, 1996) , but such bias was assumed minimal given the durophagous habits of Kemp's Ridley Sea Turtles (Pritchard, 2007) . We used the index of relative importance (IRI) modified from Bjorndal et al. (1997) for mass and calculated for each prey group i with the equation:
The prey data were grouped by turtle size class (<40 cm MSCL and ‡40 cm MSCL) corresponding to the possible onset of gonadal maturation in larger immature turtles (Coyne, 2000) . We used PRIMER v6 software (Clark and Gorley, 2006) to examine ontogenetic differences in prey compositions. The fecal mass of the prey items was converted to percent compositions using the total mass of each sample. Mass measurements provide a more accurate representation of diet than do frequency of occurrence data as the latter may overrepresent small quantities of prey (Deagle et al., 2007) . Furthermore, calculating the percent composition for each sample standardizes for differences in fecal mass and size of the turtle (Lindeman, 2006) . We generated a Bray-Curtis similarity matrix for the prey mass proportions of captured turtles and compared the prey compositions of the size classes with one-way analysis of similarity (ANOSIM; 9,999 permutations).
The prey data in Charlotte Harbor (CH) estuary were contrasted with a published diet study in the Ten Thousand Islands (TTI; Witzell and Schmid, 2005) . Both studies used the same methods for turtle capture and data collection. Carapace length distributions for turtles used in each study were compared with the Mann-Whitney U-test. As described above for CH, we converted fecal mass of prey items for turtles in TTI to percent compositions and compared the prey mass proportions of size classes. Fecal sample data for CH and TTI were combined and the prey mass proportions were compared by locality. Prey items contributing to any significant differences in diet composition were identified for the localities. Nonmetric multidimensional scaling (NMDS) was applied to the combined similarity matrix to plot the relationships of prey compositions by locality.
We summed the trapped collections of decapod crustaceans for comparison to the occurrence of prey in fecal samples of each concurrent trip. A Bray-Curtis similarity matrix was calculated for the decapod frequency proportions of each trip and one-way ANOSIM was used to compare the composition of prey availability, as measured by trap-caught decapods, with prey consumption, as measured by turtle fecal composition. The SIMPER routine was used to identify decapods contributing to any differences in prey availability and use. The annual differences in the frequencies of the predominant crab species in turtle fecal samples were compared with Chi-square tests. All means are followed by 6 SD.
RESULTS
Most Kemp's Ridley Sea Turtles we captured in Pine Island Sound were immature with relatively low recapture rates and consequently very few repetitive fecal samplings. Fifty-eight fecal samples were collected from 53 turtles, 5 of which were recaptured after multiple months at liberty and yielded two independent samples. Turtle sizes ranged from 24.2 to 63.7 cm MSCL with a mean size of 40.7 6 8.5 cm MSCL. Two turtles were adult-size ( ‡60 cm). Dry mass of the fecal samples ranged from 3.10 to 116.54 g.
Crustaceans were the dominant prey category in fecal samples although turtles also consumed plants/algae, molluscs, chelicerates, fish, live bottom (i.e., sessile non-crustacean invertebrates attached to hard substrate), and unidentified prey items (Table 1 ). All turtles consumed crustaceans (100% FO), and this category had the highest percent dry mass (80.5% DM) and index of relative importance (80.9% IRI). Libinia sp. was the dominant prey item (94.8% FO, 71.4% DM, and 76.3% IRI). Balanus sp. had the second highest frequency of occurrence (36.2% F) for crustaceans, followed by Persephona mediterranea (32.8% FO); however, these items contributed only 0.7% and 7.2%, respectively, to the total fecal mass with correspondingly low relative importance. Plants/algae, primarily Halodule wrightii, were also a common food item (51.7% FO), but their negligible dry mass contribution (0.1% DM) and relative importance (<0.1% IRI) suggest plant/algal material was consumed incidentally with animal prey. Molluscs occurred in 15.5% of the samples but contributed only 0.3% to the total dry mass with a very low relative importance. The chelicerate L. polyphemus was a very minor component of the samples (5.2% FO, 0.1% DM, and <0.1% IRI). Fish and live bottom were the least common categories (3.4% FO), and both had very low mass contributions and negligible relative importance. Two turtles had each consumed a single sea horse Hippocampus sp., and two others had limited quantities of the tunicates M. occidentalis or Styela plicata in the feces. All the samples contained unidentified components, primarily crab fragments passing through a #4 sieve, that represented the second highest mass contribution (19.0% DM) and second highest relative importance (19.1% IRI).
Ontogenetic Contrasts.-There were no significant differences in prey composition between the size classes although there were notable size-specific differences in the frequencies of some prey items (Table 1 ). The mass proportions of prey items were not significantly different (Global R = 0.029, P = 0.11) between turtles <40 cm (mean = 33.8 6 5.0 cm MSCL, N = 26) and those ‡40 cm (mean = 46.8 6 5.9 cm MSCL, N = 32). Libinia sp., P. mediterranea, and Balanus sp., particularly the latter, occurred more frequently in turtles ‡40 cm. Menippe mercenaria was found only in the samples of larger turtles as was the fish Hippocampus. Mollusc components occurred more frequently in turtles <40 cm, although Crassostrea virginica was more frequent for turtles ‡40 cm. Seagrasses H. wrightii, Thalassia testudinum, and Syringodium filiforme had higher frequencies in the samples of turtles ‡40 cm.
Regional Contrasts in Diet.-Turtles inhabiting subtropical mangrove estuaries were similar sizes, but there were differences in major prey items for each foraging area. There was no difference in distributions of carapace length (Mann Whitney U = 1694, Z = 0.49, P = 0.624) for turtles captured from CH (N = 58) and from TTI (N = 65), although the range of carapace lengths was less in TTI (28.2-52.5 cm MSCL). There was no significant difference of mass proportions of prey (Global R = -0.004, P = 0.489) between size classes of turtles captured within TTI (<40 cm N = 28 and ‡40 cm N = 37). The prey mass proportions for turtles captured in CH were significantly different from those of turtles captured in TTI (Global R = 0.405, P = 0.0001) but the intermediate R-value indicates some overlap in prey compositions between these localities. The similarity percentages (SIM-PER) routine indicated a high average dissimilarity (78.3%) in prey composition between localities with a high proportion of Libinia sp. in the CH diets and a high proportion of M. occidentalis in the TTI diets (Table 2) . Some turtle diets in TTI had relatively high contributions of Libinia sp. or P. mediterranea, which resulted in greater dietary variation for this locale and overlap with the prey composition of CH turtles (Fig. 2) .
Local Prey Index.-There was a significant difference between the availability of crab species and their use by turtles, but the analysis was confounded by a crab species consumed by turtles that was missing from the trap survey. The trap collection of locally available prey yielded 160 Libinia sp., 20 Hepatus epheliticus, 5 Callinectes/Portunus, and 3 M. mercenaria. The decapod crustacean composition in the fecal samples (prey use) was significantly different (Global R = 0.137; P = 0.036) from the composition collected in traps (prey availability) during concurrent sampling trips (N = 9). The very low R-value, however, indicated the compositions were strongly overlapping and barely differed in terms of resource availability and usage. The similarity percentages (SIMPER) routine also indicated a low average dissimilarity (30.8%) for the compositions with Libinia sp. and P. mediterranea contributing the most to the differences (Table 3) . Libinia sp. was the most abundant decapod available in Pine Island Sound and a primary food item for captured turtles, but the average proportion of use (72.5%) was lower than that of availability (91.2%). Persephona mediterranea was not captured in crab traps and, therefore, perceived as unavailable as prey, but this decapod had the second highest average proportion of use (16.9%) in diets of captured turtles. There also appeared to be annual variation in the use of P. mediterranea as a prey item during the duration of the study. Persephona mediterranea had a higher frequency of occurrence in 2011 fecal samples (Fig. 3) , and there was significant variation in its annual occurrence during 2010-2012 (v 2 = 14.800, df = 2, P = 0.0006) but not for Libinia sp. (v 2 = 0.125, df = 2, P = 0.939). Sampling in 2013 was performed during only the first half of the year (March to May) but P. mediterranea exhibited a higher frequency of occurrence compared to fecal samples collected in 2010 and 2012.
DISCUSSION
Kemp's Ridley Sea Turtles from Pine Island Sound in the Charlotte Harbor estuary were cancrivorous and Libinia (spider crabs) was the major dietary component. All large immature (40-59 cm) and adult-size ( ‡60 cm) turtles consumed these slow, bottom-walking crabs rather than evasive prey such as swimming, portunid crabs. Kemp's Ridley Sea Turtles of similar size on the Texas and western Louisiana coasts consumed mostly swimming crab species (Shaver, 1991; Werner, 1994) , suggesting that larger turtles forage primarily on portunid crabs (NMFS, 2011; Shaver et al., 2013) . Contrary to the perception that smaller-size turtles select easily captured walking crabs (Burke et al., 1994; Standora, 1998, 2005) , the smallest Kemp's Ridley Sea Turtle (24 cm) captured in Charlotte
Harbor was the only turtle that consumed Callinectes sapidus (Blue Crabs). The same individual was recaptured 675 days later, measured 43.3 cm, and had a diet of spider crabs. The second smallest turtle (26 cm) had consumed only P. mediterranea (Mottled Purse Crabs) as the crustacean component. Blue Crabs are fast-moving swimming crabs and Mottled Purse Crabs are sedentary crabs that bury in sediments (Rothschild, 2004) , either of which would be elusive prey for new recruits inexperienced to foraging in benthic habitats. These observations should be viewed cautiously, however, given our small sample size for both post-pelagic (20-25 cm) and adult turtles. Additional diet studies are needed regarding the ontogenetic shift from oceanic to nearshore habitats and the food habits of mature turtles throughout their range.
The data from adult-size ( ‡60 cm) Kemp's Ridley Sea Turtles in nearshore estuarine foraging grounds of west Florida represents a notable addition to earlier studies that were comprised of free-ranging immature turtles Barichivich, 2005, 2006 (Burke et al., 1994) . Historical accounts suggest a more offshore habitat for adult turtles, although a gravid female was reportedly taken in shallow waters of a river mouth (Carr and Caldwell, 1958) and satellite telemetry indicates some post-nesting females may establish foraging areas off the southwest Florida coast (Shaver and Rubio, 2008; Shaver et al., 2013) . Prey consumed in these offshore habitats likely differs from that in nearshore foraging areas. The exponential increase in females on the western Gulf nesting beaches (1985 -2009 Gallaway et al., 2016) would result in increased abundance at these offshore foraging grounds and a greater likelihood for detecting adult turtles that venture inshore to feed in estuarine waters. Spider crabs were the most abundant decapod crustacean trapped in Pine Island Sound, suggesting that Kemp's Ridley Sea Turtles might have been consuming the most readily available prey. Mottled Purse Crabs were a secondary prey item but were not collected in crab traps, presumably a result of bias in our sampling method. As such, their absence overestimated the availability of spider crabs and the use of Mottled Purse Crabs in our analyses, resulting in disproportionate use of both prey items. Mottled Purse Crabs are typically collected with trawls or dredges (Williams, 1984; J. Rudloe, Gulf Specimen Marine Laboratories, pers. comm.) , but these gear types may not capture crabs that burrow and/or associate with hardbottom structures such as Stone Crabs (M. mercenaria). Despite the fact that data from our trap sampling were useful, a more comprehensive sampling protocol is needed to characterize prey availability in Kemp's Ridley foraging grounds.
Regionally, variations in diet composition of Kemp's Ridley Sea Turtles likely reflect localized differences in use of foraging habitat and availability of prey. Spider crabs constitute the greatest proportion of the diet for turtles captured in western Florida seagrass habitat either bisected by narrow, sandy channels (e.g., Deadman Bay; Barichivich et al., 1998) or a soft-substrate basin interdigitated with sponge beds (e.g., Pine Island Sound; current study). For live bottom habitats, turtles tend to consume Stone Crabs (Menippe sp.) and Blue Crabs with rock outcroppings as substrate (e.g., Cedar Keys; Schmid et al., 2003) or benthic tunicates with tube-building polychaetes as substrate (e.g., Ten Thousand Islands; Witzell and Schmid, 2005) . In addition, spider crabs may also constitute a substantial portion of Kemp's Ridley Sea Turtle diets in the tubicolous live bottom habitat. The prevalence of spider crabs in western Florida diets is in contrast to the consumption of swimming crabs by turtles in other regions such as seagrass meadows in Chesapeake Bay (Lutcavage and Musick, 1985; Seney and Musick, 2005) and along the Texas coast (Shaver, 1991; Werner, 1994) . The ingestion of polychaete worm tubes in Texas may indicate the importance of live bottom as foraging habitat, similar to the Ten Thousand Islands (Seney, 2016) . Stable isotope studies have revealed complex trophic relationships of other marine turtle species, their prey, and habitat components (McClellan et al., 2010; Lemons et al., 2011; Howell et al., 2016) and similar studies would help to elucidate such patterns in Kemp's Ridley Sea Turtles.
We demonstrated the importance of benthic invertebrates as a food source for Kemp's Ridley Sea turtles across a range of body sizes in southwestern Florida. There were no clear indications for size-specific shifts in diet but discernible differences in prey consumed at adjacent subtropical foraging areas. Differences in estuarine characteristics (freshwater inflow patterns, geomorphological processes, benthic habitat types, etc.) certainly seem to influence diet composition throughout the species' range, information that will be important for resource management. Location-specific knowledge of dietary habits will be essential for the effective conservation of foraging habitats (Burke et al., 1993) . Furthermore, understanding regional dietary habits may be useful for predicting catastrophic events such as harmful algae blooms that may affect turtles consuming filter-feeding tunicates (Perrault et al., 2014) or potential effects of oil spills on benthic crustaceans and other prey. Given the recent uncertain trend at nesting beaches (Bevan et al., 2016; Galloway et al, 2016) , protected estuaries throughout the Gulf of Mexico and U.S. Atlantic seaboard will remain essential for sustaining the viability of the Kemp's Ridley Sea Turtle population.
